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How can formal concept topics be made accessible to concrete learners?
Abstract
The ability to balance equations is used as an indication of student understanding of the Law of Conservation
of Matter. The Law of Conservation of Matter states that under the conditions of a normal chemical reaction,
matter can neither be created nor destroyed. Students demonstrate their understanding of the concept by
showing that in a balanced chemical equation there are the san1e number of atoms of each element on both
sides of the equation. Learning to balance equations emphasizes the conservation of atoms in a chemical
reaction. Balancing an equation is "effective for a beginning student in direct proportion to the student's
ability to see conservation for herself or himself." (Moore, 1997) As noted on the Oklahoma State University
Chemistry Department web page, students who can recite the Law of Conservation of Matter, but too often
"see no problem with atoms disappearing, or appearing, to balance equations." (Common Student
Misconceptions, 2003) At the secondary level, students are taught the skill of balancing equations by visual
inspection and through the use of atom inventories. Students unable to learn this skill are left further behind
when the balanced equations are used for stoichiometric calculations. As a result of this experience, I became
interested in how I can assist concrete level students in understanding the formal operational thinking in
balancing chemical equations. My focus in this research is the use of manipulatives in helping students learn to
balance equations, and then to develop in the students a better ability to apply the relationship between their
equations and the Law of conservation of Matter. Specifically how can the use of manipulatives when learning
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Introduction 
During the past seven years I have worked as a teaching assistant in the science 
department of Rush-Henrietta Senior High School. I have also taught chemistry full-time and 
worked as an industrial chemist. In my current position, I work with students each day to try to 
fill in gaps in their understandings of science topics. Students are either sent to me by their 
teacher, or voluntarily come in during their unassigned periods to seek help. Often my time with 
a student will start with a request for help with a particular problem and lead to working with the 
student for a short period of time to explain a concept so that they can solve the problem on their 
own. I focus on drawing out what the student already knows so that we can assemble the pieces. 
Frequently they find that they already knew how to do their problems, just not how to recognize 
their prior knowledge. 
Albert Einstein said "Ifl can't picture it, I can't understand it.'' (Novemsky and Gautreau 
1997) 
Last year I had the opportunity to work with a dozen chemistry students who the 
chemistry teachers thought were borderline as to whether they would pass the chemistry regents 
exam. This was a short-term opportunity as we were only l 0 weeks from the exams. As a 
department, we decided that the focus would be on developing student skills as outlined in 
appendix B of the New York State chemistry Core Curriculum document. Each of the skills 
listed was ranked in terms of probable importance for success on the exam, and near top of the 
list was the skill of balancing equations. 
The New York State Chemistry Core Curriculum (2003-2004) states ... A balanced 
chemicaJ equation represents conservation of atoms. The coefficients in a balanced equation can 
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be used to determine the mole ratios in the reaction."(3.3c) The necessity of understanding a 
balance equation is also referred to in skills for major understandings 3.2b, "determining a 
missing reactant or product in a balanced equation", and 3.2c,'"balance equations given he 
reactants and products." 
The ability to balance equations is used as an indication of student understanding of the 
Law of Conservation of Matter. The Law of Conservation of Matter states that under the 
conditions of a normal chemical reaction, matter can neither be created nor destroyed. Students 
demonstrate their understanding of the concept by showing that in a balanced chemical equation 
there are the same number of atoms of each element on both sides of the equation. Leaming to 
balance equations emphasizes the conservation of atoms in a chemical reaction. Balancing an 
equation is "effec6ve for a beginning student in direct proportion to the student's ability to see 
conservation for herself or himself." (Moore. 1997) As noted on the Oklahoma State University 
Chemistry Department web page, students who can recite the Law of Conservation of Matter, but 
too often "see no problem with atoms disappearing, or appearing, to balance equations." 
(Common Student Misconceptions, 2003) At the secondary level, students are taught the skill of 
balancing equations by visual inspection and through the use of atom inventories. Students 
unable to learn this skill are left further behind when the balanced equations are used for 
stoichiometric calculations. 
After working with the students on several occasions using the tried and true methods, 
my students were still unable to complete the skill . One day, I pulled out a package of colored 
paperclips from my desk. The students and I assigned each color paperclip to represent a 
particular clement. Disregarding any structural references, we strung appropriately colored 
paperclips together to represent chemical compounds. By looking at the number of each color on 
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both sides of their equations, the students could now pick out which equations were balanced and 
which were not. From there we were able to work toward determining what was needed on each 
side to balance the equations. 
As she worked with the paperclips, Amanda, one of my students, exclaimed that all of a 
sudden she could "see" what she was supposed to be doing. She was so proud of her new skill, 
she would show it off to other teachers in the department, but she never moved past having to 
manipulate objects to solve the equations. She stayed at a very concrete operational level. Due to 
the time constraints of getting ready for the exam, I was unable to try to help her achieve a higher 
level of understanding. 
Brian, another student, showed that he only had a very basic understanding of what was 
happening by asking how we could just make more paperclip strings of the reactants: where were 
those pieces coming from? He seemed to lack the understanding that the balanced equation 
represents not just a single set of reactants, but a massive scale considering the number of moles 
and partial moles participating. This common failure is alluded to in the Physical Science 
Content Standard B of the National Science Standards (1995), "Studies of student understanding 
of molecules indicate that it will be difficult for them to comprehend the very small size and 
large number of particles involved. The connection between the particles and the chemical 
formulas that represent them is also often not clear." 
As a result of this experience, I became interested in how I can assist concrete level 
students in understanding the formal operational thinking in balancing chemical equations. My 
focus in this research is the use of manipulatives in helping students learn to balance equations, 
and then to develop in the students a better ability to apply the relationship between their 
equations and the Law of conservation of Matter. Specifically how can the use of manipulatives 
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when learning to balance equations increase student understanding of the Law of Conservation 
of Matter? 
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Review of the Literature 
This section will include a review of literature which includes studies of the cognitive 
changes that occur between concrete and formal understandjng and at how these changes apply 
to learning to balance equations as a manifestation of the Law of Conservation of Matter in 
secondary chemistry classes. The use of manipulatives in moving from concrete to formal 
operations was of special interest. 
Cognitive development from concrete to formal 
Herron states that when high school students who are at the Piagetian concrete 
operational stage are presented with topic requiring fonnal operational thinking without any 
preparation, they are doomed to never understand the concept. This is evident when we ask 
secondary students to attain an understanding of how a balanced chemical equation represents 
the Law of Conservation of Matter. Herron continues on to describe that when presented with an 
abstract topic with no concrete examples, students are forced to try to memorize what they don t 
understand. On testing, it is found that the students can respond with only what was memorized. 
As a result, teachers often interpret this as student inability to think at a higher level, and lower 
the level of teaching, rather than tryin g to develop student thinking to a formal operational level. 
(Herron, 1975) 
It has been shown in studies of student at the e lementary level. that the use of 
manipulatives increases student learning. (Ritchie and Volk.I, 2000 & Gabel 1999) However, a 
urvey of studies using manipulatives also shows relatively few studie that have been done at 
Lhe secondary level, and even fewer dealing with secondary science students. (Ruzic and 
O'Connell, 2003 & Goodstein and Howe 1978) 
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Piagetian theories look at four factors in cognjtive development; experience, maturation, 
sociaJ transmission, and equilibrium. Derived from the assertion that experience fosters cognjtive 
development is the idea that there should be a hands-on approach to student learning. It has been 
widely accepted that many concepts in high school chemistry require formal operational thinking 
by the students. This presents a problem for those students who are stilJ at a concrete operational 
level. (Goodstein and Howe, 1978; Endler and Bond, 2001& Smith and Van Egeran, 1977) 
Concrete thinkers are able to classify objects and organize objects serially only if they are 
able to manipulate the materials (Meador, 1988). "Concrete thinkers are limited by what they can 
actually experience .. (Renner, 1987). Concrete operational concepts are developed through direct 
experiment "where the entire meaning of the concept is given through the senses.'· (Lawson and 
Renner, 1975) Piaget states that although the learner can organize systems, the organization is 
done on a step-by-step basis, relating one piece to the next, rather relating the whole of the pieces 
(Inhelder and Piaget. 1958) Concrete examples, which have observable defining characteristics. 
can be classified as belonging, or not belonging to a group. (Cantu and r lerron. 1978) 
The transition from concrete to formal understanding includes the development of the 
skil l of "manipulating the world in their minds, without any actual touching or moving of 
worldly objects. The leap from concrete to forn1al operations is basically that of moving from 
thought processes that depend on physical manipulation to those that are free of it"' (Woolf, 
2003) There may be several transitional levels determjned by the students' abilities. At the semi-
concrete level, students can use pictures of the real item, while semi-formal students can use 
symbols that no longer look like the represented item. (Heddons, 1986) 
Formal thinking implies an ability to understand both concrete and abstract concepts. 
(Lawson and Renner, 1976) "A fundamental property of formal operation thinking is the ability 
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to invent (construct) relationships among variables by mentally operating on symbolic 
information." (Boulanger, 1978) Students who can think at the formal level can think about 
abstract topics and in symbolic terms. (Meador, 1988) Mestre describes these organizational 
arrangements as being like pyramjds, with a base of concrete facts, topped by ancillary concepts, 
and reaching the summit of an underlying concept, or fundamental principle at the top. (Mestre, 
2001) Meaning is given through relationships and abstract thought. (Lawson and Renner, 1975) 
Where organizations occurred stepwise in concrete operations, formal operations involve looking 
at all the possible ways of grouping ideas. (lnhelder and Piaget, 1958) 
Although it had been expected that students move from concrete to formal thinking at 
about age 15, studies show that less than half of high school age students demonstrate any 
thinking at the formal level. (Lawson and Wollman, 1976 & Smith and Van Egeran, 1977) 
When student thjnking was evaluated on the use of four Piagetian tasks, including conservation 
of weight, conservation of volume, separation of variables and balance equilibrium, responses 
differed in operational level on some tasks, indicating the student may be in a transitional phase 
of learning. These numbers tend to be a bit higher for chemistry students, with up to 75 % 
classified in some level of transitional forma l operational capacity, and 4% at fu ll formal 
operational level. (Lawson and Renner, 1975) 
Students at the formal operational stage still learn best with a variety of sources including 
concrete references. (Boulanger, 1978) When fo1mal students are taught using concrete or formal 
methods, those taught at a concrete level perform bener on subject tests. (Smith and Van Egeran, 
1977) They are able to learn both concrete and abstract concepts (Meador, 1988) 
If Piaget is correct in predicting that concrete students need concrete references, a large 
number of hjgh school students are still concrete, and even formal learners can still learn from a 
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concrete level, then it is important to look at presenting material in a manner in which it can be 
understood by a ll. The investigators separated major concepts within the disciplines into concrete 
or formal concepts. The understanding of formal concepts did not occur until the students had 
reached some level of post concrete reasoning. As the intellectual level increased, so did the 
students' performance on concept based questions. (Lawson and Renner, 1975) There is a direct 
correlation between the Piagetian level of cognitive development and the learning of formal 
concepts. (Herron, 1975 & Endler and Bond, 2003) 
Chemistry at the secondary level has many formal concepts. (Goodstein and Howe, 1978) 
& Cantu and Herron, 1978) Few of the changes occurring within the atom are visible to students. 
Concrete thinkers do not think in terms of that which they cannot see. Therefore, it is postulated 
that ''there is a direct relationship between the learning of formal concepts and the level of 
intellectual devel9pment" (Herron, 1975) Many aspects of chemistry wi1J be difficult for 
concrete thinkers because there are no true examples of complex concepts, such as atoms. (Cantu 
and Herron, 1978) 
Concrete experience as part of the Piagetian cycle of assimilation, disequilibrium, 
accommodation, and organization can encourage the development of the formal operational stage 
of cognitive development. (Meador, 1995) Meador's work is supported by the findings of Beistel 
and Herron. Careful use of experimentation can assist the concrete student to move to a formal 
operation stage of cognitive development. Students working at the concrete operational level 
lt:m.1 to become confused and frustrated when presented with concepts that require formal 
thinking. Since concrete thinkers can only understand what they experience, it is necessary to 
format high school courses toward direct experiences. Those students who are able to operate 
formally can learn from both concrete and formal experiences. (Beistel, 1975) (Herron, 1975) 
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The Piagetian theories of concrete and formal operational stages in conjunction with 
Vygotsky's theory of a zone of proximal development produce the contention that maturity 
levels will only produce formal operational capacity when prompted by cognitive stimulation. 
Accordingly, additional stimulation should push the student toward a greater ability to do formal 
operations if there is an appropriate level of maturity. (Addy, 2003) "The only good learning is 
that which is in advance of development." (Vygotski, as quoted in Adey. 2003) 
Students who are exposed to fonnal concepts at a more concrete level are able to build on 
their understandings as their level of thinking matures (Goodstein and Howe, 1978 & Herron, 
1975) Even concrete thinkers can begin to talk about the concepts though they may not fully 
comprehend them. (Lawson and Renner, 1975) Although both formal and concrete level thinkers 
profit from the use of concrete examples, concrete level thinkers will not understand to the same 
level as formal thinkers due to .the lack of maturation. (Cantu and Herron, 1978) On testing 
students at the concrete level were unable to answer any formal concept questions (Herron, 
1975) 
One of the methods of stimulating the development of formal thinking skills is through 
the use of the manipulative, which allows the students to use a concrete base for the organization 
of his ideas. (Cantu and Herron. 1978) 
"Learners use their existing knowledge to determine if a new conception is intelligible, 
plausible and fruitful.'' (Treagust, Harrison and VenviJJe, 1996) Teachers can assess such 
understanding through the use of questions such as" how would you explain that to a friend?" 
Through the use of hand-on activities, concrete level students can begin to use their senses to 
construct knowledge. (Odom and Kelly. 1998) 
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Evaluation of student comprehension must be made on how the student comments on the 
description from their viewpoint. rather than simple a description of the concept. Looking at 
whether a student really believes in the viewpoint being expressed can assess responses, whether 
it is explained in tem1s of other related beliefs and its usefulness to solving problems or 
explaining ideas. Only when all three of these conditions have been met can the student be 
considered to understand a new concept. (TreagusL et al., 1996) 
Th e use of manipula tives in chemist ry 
ln the New York State Physical Setting: Chemistry Core Curriculum (2003), students are 
to use models "to create a more complete or improved representation of a system" (Standard 6, 
Key Idea 2.2) They are additionally asked to use models to represent the operation of a system. 
More specifically students are to use models to explain common chemical reactions such as 
balancing equations when given the formulas for. reactants and products. 
Models are "aids to memory, explanatory tools, and learning devices if they are easily 
understood and remembered by students. (I larrison and Treagust, 1998) Chemistry relies on 
models to show that which cannot be seen by the eye. ( ) They are an attempt to represent 
abstract phenomena in ways that students can understand. (Harrison and Treagust, 1998) 
Teachers tend to reach for models when their students demonstrate non-comprehension 
of a topic. (Harrison and Treagust, 1998) An advantage to using models is that students can use 
the representations to solve problems before they fully understand the concepts involved. 
(Ferrucci. Yeap, and Carter 2003) "Pictorial representations in the models help students better 
comprehend both symbols and manipulations." (Ferrucci, et al., 2003) 
Models need to be familiar, logica l and useful to the students. (Harrison and Treagust 
1998) Among the entities we attempt to model are atoms, elements and the ways in which they 
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interact. In an effort to enhance the common attributes of interest, models are often simplified to 
the extent that they cannot represent the whole of the entity, only certain characteristics. 
Limitations of these models in representation must be addressed with the students to prevent 
further misconceptions. In science models may represent an object or a process. Students tend to 
view models as reality when actually they represent only a part of the attributes of the subject. 
Analog models both simplify and enhance the relationship between model and target concept so 
as to illustrate it more clearly . There may be both surface similar models and those that work to 
develop deeper understanding of the subject. It is in this second area that students often need 
help interpreting the relationship. (Harrison and Treagust, 1998) 
Abstract models can depict deeper theories. Chemistry students are taught to use 
symbols, formulas and equations to represent compositions and reactions. These symbols have 
no meaning in themselves, but reflect a simplified reality. (Harrison and Treagust, 1998) Many 
chemical concepts can be expressed at the concrete level through the use of models. This may 
give concrete students a base on which to build formal understanding at a later time. (Herron, 
1975) 
Harrison and Treagust (1998) categorized students by the way they interpret models; one 
to one correspondence between reality and a model, models are ' toys' and models are always 
right; models represent real world objects but not ideas; and full representation of an idea 
requires multiple models. where models are manipulated to suit the needs of the learner. They 
found that most of the secondary students fell between the lower levels. Students see model s as 
concrete representations and can discern only limited differences between models and reality. 
They are unable to explain the differences. (Harrison and Treagust, 1998) 
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Manipulatives can be of particular use when working with students in transition from the 
concrete to formal operational stages. (Hartshorn and Boren, 1990) The use of manipulatives 
increased student understanding of the underlying concepts. (Harrison and Treagus4 1998) 
Manipulatives are objects which students can handle themselves, to model, or reinforce a 
particular concept. They can be touched and moved to help reinforce a concept. (Hartshorn and 
Boren, 1990) They may be used to help visualize abstract concepts and ideas. (Ruzic and 
O'Connell, 2003) They provide concrete learning experiences. (Haury and Rillero, 1994) 
Once exposed to a process of using manipulative modeling, students are able to return to it as 
needed on other concepts, and once they are comfortable with the concept are able to transition 
to other ways of looking at concepts. (Ferrucci et al., 2003) 
Piaget suggests that the use of manipulative by students functioning at the concrete level 
can help them construct their own knowledge by increasing their sensory experiences. (Odom 
and Kelly, 1998) Hands-on experience can increase cognjtive development and content 
achievement. (Koballa, 1986) Carefully chosen activities and manipulatives are useful 
particularly when children move from a concrete to an abstract level (Hartshorn and Boren, 
1990) Both concrete and formal learners were more successful at understanding a concept with 
the use of manipulative than with teacher demonstrated models. (Gabel and Sherwood 1980) & 
Howe and Durr, 1982). Compared to trad itional teaching methods, use of manipulative showed a 
positive effect on achievement. (Ruzic and O' Connell, 2003) Other studies have shown that 
concrete students showed a much greater increase in learning with manipulatives than without. 
(Cantu and Herron, 1978) 
Similarly a study done in West Virginia showed that only 25% of 15 year-old students 
were able to solve a task based on purely formal thinking. When students used manipulatives to 
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build models for the reactants and products in balanced equations discussed in class, they scored 
24% higher during the semester than students who did not build models. On tests based on 
logical thinking, the students using models scored 30-65% higher. Little difference was exhibited 
on tests involving only memory. (Talley, 1973). 
It has been suggested that teachers start by introducing simple manipulatives and 
encouraging extensive discussion of their meanings in order to develop thinking skills. By 
providing cognitive scaffolding, students may be able to carry out a task which would normally 
be beyond their abilities. (Flick, 2000) The discussions should be both between students and 
between teacher and students. This draws on both Vygotsky's ideas that learning and 
understanding takes place as a social process of interaction, and Piaget's theory of social 
transmission. It is also suggested that teachers try to keep the modeling just above the level at 
which their students are currently thinking to maximize progress. Thjs is related to Yygotsky~s . 
"zone of proximal development". (Harrison and Treagust, 1998) 
In his study of the effectiveness of the use of manipulatives, Boulanger suggests that 
students with a lower aptitude in mathematics would most benefit from the use of manipulatives, 
because " the capability of formal thought appears to be closely related to mathematics aptitude." 
Those students who worked with the manipulatives before presentation of the law of the balance 
were rated "superior in both achievement and student attitudinal response." (Boulanger, 1978) 
Because these students received feedback in a concrete form, it seemed the lower ability student 
was motivated to "stay with the problem" until conclusions could be made. Students operating at 
a stage closer to formal operations were able to respond equally to both the manipulative and 
pictorial approaches. (Boulanger, 1978) Gabel and Sherwood (1980) note an extended time on 
task as possible explanation that use of the models may have held students' attention longer, thus 
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better keeping them focused on learning activities in their study of long-term manipulative use in 
high school chemistry classes. (Gabel and Sherwood 1980) 
Boulanger (1978) found that for students lacking fom1al operation ability, the use of 
manipulative produced higher application scores and can be used as a model for students as well 
as "being perceived by them as a preferred method for teaching science to students." (Boulanger 
1978) 
Balancing chemical equations and the law of conservation of matter 
"A chemical equation is not a mathematical equation in the strict sense. The left 
side of the equation represents the reactants and the right side the products. They 
are joined by an arrow ... which may be taken as an equality sign. The chemical 
equation is an expression of the Law of Conservation of Matter. Equal numbers of 
atomic representations must appear on both sides of the arrow." (Common student 
misconceptions, 2003) 
When a student balances an equation, the emphasis is on learning that matter must be 
conserved in a chemical reaction. (Moore, 1997) However, in his work with first year chemistry 
students Koch (1995) found that very few students understand the connection between the 
chemical symbols on the page and the infonnation it represents. He attributes this to an inability 
on the students' part to relate a formal concept to a concrete property, such as mass. (Koch, 
1995) 
Balancing equations is normally taught as solving a system of algebraic equations. Even 
the simple inspection method is algebraically based. 1t requires students to understand the use of 
ratios in comparing quantities of substances a formal operational concept. (Herndon, 1997) 
·while students who are not yet at a fully formal operational level may be able to balance 
equations when given a set of rules, it is not until they reach formal reasoning that they could be 
expected to derive the rules from the Law of Conservation of Matter. (Herron, 1975) 
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Students seem to have an inability to transfer chemical equations into words, and then 
back into symbolic form. (Niaz, 1989) Students often think that changing subscripts is an 
acceptable way to balance equations. Using a model makes them see that this changes the 
molecule involved. (Lee, 2003) Balancing equations using visual images allows the student to 
derive some of the meanings involved in the equation such as subscripts, coefficients, and the 
use of parentheses. The manipulatives allow the conversion of abstract symbols to concrete 
models. (Aquistapace, 1997 & Talley, 1973) 
Although there has been testing on the use of manipulatives at both the collegiate and 
elementary/intermediate level there has been little testing done at the secondary level. (Goodstein 
and Howe, 1978) This paper attempts to look at the effects of using manipulative models with a 
small group of students who have been informally evaluated as thinking at the concrete level 
through teacher observation. It is expected that as the above authors found, there will be an 
increased understanding of a formal concept through the use of hands-on manipulation of 
models. 
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Methodology 
Rush-Henrietta Senior High School is a large suburban high school located outside the 
larger city of Rochester, New York. Enrollment at the high school is approximately 1450 
students in grades 10 through 12. More than half of the students enroll in Chemistry during 11th 
or 12'h grade. They may choose to take a non-regents level, regents level, or Advanced 
Placement level course. This year, 225 students are enrolled at the regent's level, with 22-25 
students per class. 
The high school is racially and culturally diverse with students from the Middle East, 
Asia, Africa, and North America. As of the most recent available data, 2001 -2002 school year, 
7.1 % of students were cJassified as American Indian, Alaskan, Asian or Pacific Islander, 1 J .2 as 
Black (not Hispank), 3.2 Hispanic, and 78.4 White (not Hispanic). 2.1 % of the students are not 
considered English proficient and get language help. More than 20% of the students are eligible 
for free or reduced rate lunches. Most students, 82% go on to some form of post-secondary 
education while the rest go to either direct employment or the military. 
The northern part of Henrietta abuts both the campuses of the Rochester Institute of 
Technology and the University of Rochester. With affordably priced housing in this area, the 
Rush-Henrietta district has many children of foreign graduate students. The southern part of the 
district lies in the Town of Rush, an almost rural area, with several high-priced subdivisions. 
This research will involve work with 6-8 senior high school chemistry students who were 
unsuccessful at learning to balance equations and the meaning of a balanced equation. The 
students will have completed study of this topic in their class but not passed the chapter test. 
Students will be invited to participate based on the test scores for this section of content area, and 
the teacher's observations of the students' capability and interest. This determination will be 
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made by the end of November. Permission slips will be sent home in early December, with a 
return date of Decemberl 9. We will meet for 4-5 sessions of 30-40 minutes as a small group. 
D epending on the students' schedules, we will either meet during Homebase or after school. 
Students will also meet individually with the researcher at least once during thjs process. These 
meetings will take place in January, prior to the midterm exams. 
During each session, students will work together in groups of two to three students using 
colored paperclips as manjpulatives to balance chemical equations. (See Appendix) After finding 
the ratio of substances in the equation through this hands-on m ethod, they will write the balanced 
equation and diagram it. with colored pencils. on a teacher-generated \·Vorksheet. The researcher 
will move between the groups answering questions. During the last four to five minutes of the 
sessions students will be given a prompt to respond to and their responses will be returned to the 
researcher. 
Data sources w i 11 include journaling by students to prompts, wi th the same prompt used 
on several ; transcribed videotaping of sessions, and field notes by the researcher. On the original 
unit test, the students will complete a pre-study question for evaluation. Pe rmission from the 
principaJ will be sought for videotaping students for use in my research . Prompts will be 
scaffolded to show the students· depth of understanding of the concept. These prompts will be 
reviewed by other professionals in the field for accuracy in assessing understanding of the 
concept. 
Trends in the way students perceive the Law of Conservation of Matter and their ability 
to balance equations wilJ be identified before, during and at the conclusion of my work with 
them. 
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Recognizing Balanced Equations Name 
Matter cannot be created or destroyed. 
You must have the same number of atoms of an element on both sides of the equation 
You may not change the formulas of the compounds that you are given 
Leave the stuff in elemental form till last when you balance. 
The coefficient represents the number of moles of this compound (or element) needed to balance 
this equation. 
Using the rules above, determine whether the fo llowing equations are balanced, or not. Note why 
it is, or is not balanced. You may want to try building the equations with your colored papercl ips 
as shown below. 
Example 
Eguation 
Na + Ch -7 NaCl 
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Balancing Equations (1) Name 
Matter cannot be created or destroyed. 
You must have the same number of atoms of an element on both sides of the equation 
You may not change the formuJas of the compounds that you are given 
Leave the stuff in elemental form till last when you balance. 
The coefficient represents the number of moles of this compound (or element) needed to balance 
this equation. 
Try these: Assign each element a color paperclip. Build several sets of each reactant and 
product. Move your "substances around so that you have the same number of a color on each 
side of the arrow. (you may not use all the pieces you originally built) Draw your balanced 
equation- you may represent a paperclip wjth a circle of the same color. Now put the needed 
coefficient in front of the compound, If the coefficient is 1, you don't need to write it.) 
Example H2+ Or~ H20 fJ oxygoo f II 8 CQ _,. ~ hydrogen 2H2 + 02~ 2H20 
Mg+ 0 2 ~ MgO 
Try balancing this one without the papercJips. You may still draw if you choose to. 
Al + 0 2 ~ A)i03 
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Balancing Equations (2) Name 
Matter can neither be created nor destroyed. 
You must have the same number of atoms of an element on both sides of the equation 
You may not change the formulas of the compounds that you are given 
Leave the stuff in elemental form till last when you balance. 
The coefficient represents the number of moles of this compound (or element) needed to balance 
this equation. 
Try these: Assign each element a color papercl ip (see worksheet 1 for an example). Build 
several sets of each reactant and product. Move your "substances around so that you have the 
same number of a color on each side of the arrow. (You may not use all the pieces you origina lly 
built) Draw your balanced equation, representjng each papercl ip with a circle of the same color. 
Label the circle with the symbol for the element it represents. Now put the needed coefficient in 
front of the compound, lf the coefficient is I, you don't need to write it.) 
Cu + AgN03 ~ Ag 
I !iO 
Try this one without the paperclips 
Al(NOJ)3 + Fe 
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Balancing Equations (3) Name 
Matter cannot be created or destroyed. 
You must have the same number of atoms of an element on both sides of the equation 
You may not change Lhe formulas uflhc:: i.:umpounds that you are given 
Leave the stuff in elemental fonn till last when you balance. 
The coefficient represents the number of moles of this compound (or element) needed to balance 
this equation. 
Try these: Let's try doing some equations without the paperclips. draw the equations 
with colored circles and be sure to label each circle with the symbol for the element it represents. 
Ch + NaBr ~ NaCl + Br2 
Now try one using the symbols without the circles. (You may want to use different colors to 
represent the different elements. 
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Possible Prompts 
Using your own words the Law of Conservation of Matter? 
How do you think the mass of the reactants compares with the mass of the products? Why 
do you think this is? 
Is all of every reactant used up in a reaction? Why do you think thjs is? 
Explain to a friend the similarities you see between the Law of Conservation of Matter and a 
balanced equation? 
What does it mean to you when we say matter is conserved? 
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Checklist for field notes 
Does student handle manipulative? 
Does student use manipulatives to form the reactants and products? 
Does the student attempt to set up the equations? 
Session 
Does the student move the manipulative to try to balance the equation? 
Is the student able to balance the equation? 
Comments: 
Understanding comments such as; I get it, l see now ... 
Non comprehension comments such as; where do we get the formulas from, how 
can we have extra products? 
Other interesting comments: 
, 
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Discussion ideas 
It is hoped that they evolve from not understanding. through being able to work with the 
concept without understanding it to a working understanding of how balanced equations 
represent the conservation of matter. This will probably not be a completely formal 
understanding of the concept due to the time limitations of this research. 
